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ABSTRACT

Superconducting Gamma-ray microcalorimeters operated at temperatures around ~0.1 K offer an order of magnitude

improvement in energy resolution over conventional high-purity Germanium spectrometers. The calorimeters consist of

a ~1 mm
3
 superconducting or insulating absorber and a sensitive thermistor, which are weakly coupled to a cold bath.

Gamma-ray capture increases the absorber temperature in proportion to the Gamma-ray energy, this is measured by the

thermistor, and both subsequently cool back down to the base temperature through the weak link. We are developing

ultra-high-resolution Gamma-ray spectrometers based on Sn absorbers and superconducting Mo/Cu multilayer

thermistors for nuclear non-proliferation applications. They have achieved an energy resolution between 60 and 90 eV

for Gamma-rays up to 100 keV. We also build two-stage adiabatic demagnetization refrigerators for user-friendly

detector operation at 0.1 K. We present recent results on the performance of single pixel Gamma-ray spectrometers, and

discuss the design of a large detector array for increased sensitivity.
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1. INTRODUCTION

1.1. Operating principle

Cryogenic Gamma-ray microcalorimeters operated at temperatures of ~0.1 K offer an order of magnitude

improvement in energy resolution over conventional high-purity germanium (HPGe) detectors. They have been

developed over the last decade for applications ranging from nuclear analysis to high-energy astrophysics [1].

Microcalorimetry can significantly enhance the analysis of complicated nuclear mixtures when HPGe detectors cannot

separate the individual Gamma emission lines from different isotopes. It also enables precise measurements of Doppler

broadening for dynamic studies in nuclear astrophysics, or of Lamb shifts for tests of the Standard Model.

Cryogenic Gamma-ray calorimeters typically consist of a bulk absorber with heat capacity C attached to a

sensitive thermistor, both of which are weakly coupled to a cold bath through a thermal conductance G. In the simplest

case [2], random energy fluctuations 4kBT
2
G across this thermal conductance fundamentally limit the energy resolution

of microcalorimeters to

  
EFWHM 2.355 kBT

2
C (1)

Intuitively, equation (1) can be understood considering that the energy in the absorber is mostly stored in phonon lattice

vibrations. At a temperature T, the average phonon carries ~kBT of energy, and the absorber stores a total energy of

~CT. The total number of phonons is thus given by ~CT/kBT = C/kB. Assuming Poisson's statistics, this number of

phonons will fluctuate by (C/kB), thereby leading to rms energy fluctuations of kBT
.

(C/kB) = ( kBT
2
C). A more

rigorous derivation of the energy fluctuations from the derivatives of the partition function in the grand canonical

ensemble shows that equation (1) is in fact correct for arbitrary weakly coupled systems at temperature T. Since average

excitation energies at ~0.1 K are only of order ~10 eV per phonon, statistical fluctuation in the number of phonons

impose a much lower limit on the energy resolution of calorimeters compared to conventional Gamma spectrometers

where excitation energy per electron hole pair are of order  ~1eV.
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